I. INTRODUCTION
A standard antenna has gain-pattern and input-impedance characteristics that are known with a small degree of uncertainty. Standard antennas are typically used in gain-transfer measurements to determine the gain of test antennas by comparing the signal level received by the test antenna to that received by the standard antenna when it replaces the test antenna on the antenna test range. For simplicity and accuracy, the standard antenna should have polarization and gain patterns similar to those of the test antenna. Therefore, a monopole standard antenna should be used to determine the gain of a monopole test antenna if the standard's input impedance and gain can be accurately determined.
Accurately determining gain and impedance parameters for standard monopoles requires that they be located on an electrically large, highly conducting ground plane [I] , [2] . The primary contribution of the measurement effort described here is applying Altshuler's resistive loading technique [3] to make a small ground plane appear to be electrically larger than it actually is. The measured and calculated data presented in the figures are a small, representative sample of the total data obtained during the work on this particular project.
MODEL MEASUREMENTS
Model ground planes were centered on a 2.14-m diameter foamed polystyrene disk on top of a cart. This placed the coaxial feedpoints of the monopoles on the underside of the ground plane, 1.6 m above ground. The relative dielectric constant of the disk is 1.03 to approximate free space. All measurements were made with a aluminum disk having a 0.4 X radius, centered on a sheet of aluminum foil lightly glued to the 3.2 h radius "free-space" disk. Input impedance was measured, a 0.2 h wide annulus was cut from the foil, and the measurement was repeated until only the 0.4 h radius disk remained. Excellent agreement between these data provided confidence in the measured data, shown by the squares, and the calculated data, both for an infinite radius ground plane, shown by solid lines, and for finite radius ground planes in free space, shown by dashed lines connecting the triangles. The imaginary parts of the input impedance measured using the same monopole at 800 and IO00 MHz do not converge to the solid lines as do those in Fig. 1 ; possibly because the measured or calculated data may not be as accurate for nonresonant monopoles as for resonant monopoles. Resonance is the frequency at which the imaginary part of the input impedance is zero for a monopole with a length near 0.25 X. For this monopole, resonance occurs at 928 MHz.
A second set of measurements determined how well wire radials simulate a solid disk for impedance measurements. It was a duplicate of the first measurement except the aluminum foil ground plane was replaced by 16 evenly spaced number 26 copper wires. Impedance was measured, a 0.2 h length was clipped from the end of each radial, and the measurement was repeated until only the 0.4 X radius disk remained. Data in Fig. 2 differ substantially from those in Fig. 1 and show no convergence to the infinite-radius solid disk line. The choice of 16 radials is assumed to be reasonable and acceptable for use by industry personnel in fabricating temporary or permanent monopole test facilities. A third set of measurements determined if Altshuler's resistive loading technique would work for this particular application. Resistive loading tends to terminate a wire in its characteristic impedance by minimizing the wave reflected at the wire end. This is accomplished by inserting a 2 4 0 4 resistor 0.25 h from the open end of the wire. The result is a large traveling wave with a small superimposed standing wave on the wire. As viewed from a monopole antenna terminals, a ground plane with resistively loaded wire radials appears to be very large.
Eleven 2404 resistors, with 0.25 h spacings starting at the open end of the wire, were placed in parallel with each wire radial. The wires bridging the outermost resistors were cut away. Monopole impedance was measured then the outermost resistors and 0.25 A sections were cut away, the sections of wire bridging the next outermost resistors were cut away, and the measurement was repeated until only the 0.4 h radius disk remained. The data in Fig. 3 show that the length of the radial between the ground plane and the resistor is relatively unimportant in determining the behavior of the small 0.4 X radius ground plane. Based upon impedance data typified by those shown in Fig. 3 , a rectangular model ground plane was fabricated having 16 resistors soldered to brass screws located at equal angles around its edge. The dimensions of the ground plane were 0.8 by 1.2 m based upon a 1 :5 scale factor at 30 MHz. This allows two monopoles to be placed at least 0.2 X apart while remaining surrounded by 0.4 X of ground plane at 150 MHz.
Number 26 wire radials with lengths equal to the monopole heights extended the ground plane. Model ground plane performance verification consisted of measuring input impedance of the monopoles near the center of the ground plane. Two identical monopoles were then placed 0.4 m apart on the ground plane's longer center line, and the insertion loss was measured. This measurement was repeated at an 0.8-m separation distance. Below 150 MHz, the 0.4-m distance is close to the N27r distance from an electrically small monopole to the boundary between its reactive near-and far-field regions. Far-field illumination conditions normally imposed for antenna tests are not required for the insertion loss because it is based upon mutual impedance calculations requiring only a sinusoidal current distribution on the antennas. Since the gain product of two antennas is a multiplicative factor in the insertion loss at far-field distances, the gain of a test monopole relative to that of a standard monopole of similar length may be measured at near-field distances with an uncertainty based upon the results of the insertion loss data. Insertion loss data are calculated using a computer program based upon equations in [2] and are given as positive numbers.
The data for a single monopole and radial length measured over a frequency band indicate the bandwidth over which these rneasurements are valid. That is, the monopole and radials are electrically shorter below the monopole resonant frequency and longer above it. Fig. 4 shows data measured using a 0.424-m monopole resonant at 168 MHz. antennas used for the full-scale measurements are given in Table I .
FULL-SCALE GROUND PLANE CONFIGURATION AND VERIFICATION

IV. CONCLUSION
Full-scale SWR and insertion loss data for three of these frequency bands are shown in Figs. 6-8. An infinite perfectly conducting ground plane is assumed for the calculations. The difference between measured and calculated data gives a reasonable estimate of measurement uncertainty using a finite ground plane. SWR uncertainty is estimated to be the difference between the measured and calculated data. Uncertainty in monopole gain is estimated to be onehalf the difference between the measured and calculated insertion loss data because the gain product of an identical monopole pair is a multiplicative factor in the insertion loss. Measured data tend to match the calculated data near the resonant frequencies of the monopoles as it did for the model measurements.
The full-scale ground plane is large enough for measurements in the two highest frequency bands in Table I , without resistively loaded radials. No measurement shows cyclical variations with frequency that would indicate reflections from the edges of the ground plane o r a nearby building. The final judgment of "acceptable accuracy" is left to the reader. 
ACKNOWLEDGMENT
Comparison of Measured and Calculated Antenna Sidelobe Coupling Loss in the Near Field Using Approximate Far-Field Data
The author appreciates the help of Ramon Jesch, NBS, who performed all of the network analyzer measurements.
